involved in the response to salt stress, demonstrating that FER needs to be located at the plasma membrane for the response to occur. Interestingly, in parallel, other groups have found that peptides from the RALF family also bind to extracellular and cell wall-bound proteins called the LEUCINE-RICH REPEAT EXTENSIN (LRX) and this interaction is part of the CrRLK signaling pathway [14, 15] . CrRLKs, LRXs and RALFs may thus sense wall properties through a supramolecular heteromeric complex, which raises the question of how such a complex actually works in the response to high salt. Finally, FER also genetically interacts with a number of hormone signaling pathways, including abscissic acid [5, 16] , opening the possibility for further integration between hormone signaling and salt stress sensing at the cell wall.
To summarize, Feng et al. show that plant cells are able to sense the mechanical and/or biochemical effects of high salt on their cell walls, and respond to it using the CrRLK wall integrity pathway ( Figure 1 ) [4] . Salt is well known to affect material properties outside biology, for instance by promoting the development of rust on iron or steel. Is the word corrosion relevant to the plant response to salt? In the largest sense, corrosion describes the process during which a chemical reaction (e.g., oxidation) transforms the nature and properties of a material (e.g., iron). By opening the possibility that plants resist the impact of salt on cell walls, the structural elements of plant cells, Feng et al. may have uncovered an anticorrosive biological pathway. 3 . Cabrera, J.C., Boland, A., Messiaen, J., Cambier, P., and Van Cutsem, P. During sleep, our ability to respond to external cues or threats is reduced. Apparently, the brain needs to go 'offline' at times and switch into deeper states, but at other times it stays 'online' enough to remain responsive to external cues. This switch even happens when we appear completely 'asleep'. In fact, sleep depth varies throughout sleep and the brain never truly goes offline for extended periods. Thus, sometimes it is harder to be woken up, sometimes it is easier, and sometimes arousals even happen as naturally as falling asleep again. Are we able to discern such altering states of arousability? Yes, at least roughly, both REM and non-REM sleep can be split into deeper and lighter sleep states: periods with actual rapid eye movements during REM sleep, called 'phasic' periods, have a high threshold for arousal. But there are also REM sleep periods with lower thresholds for arousal that lack such eye movements but still have a characteristically low muscle tone, so called 'tonic' REM sleep. Human non-REM sleep is typically divided into three stages of varying depth -Stage 1, a brief state with the highest arousability, which transitions into Stage 2 sleep with increased thalamo-cortical sleep spindle activity (13 Hz) and anticipates increases in slow-wave activity (0.5-4 Hz) that indicate deep sleep. The arousal thresholds of tonic and phasic REM sleep are comparable to non-REM periods of Stage 2 and deeper (slow-wave) sleep, respectively [2] . In other mammals, such strong distinctions between different non-REM sleep stages are less evident.
What happens when the brain goes offline during sleep? There is good evidence that when the brain goes offline and neglects processing of external cues it enhances internal processing that benefits memory [3] . For REM sleep, the tonic and phasic periods have been suggested to serve online monitoring of external cues and offline cortical processing periods, respectively [2, 4, 5] . Rapid eye movements during phasic REM sleep phase-lock to local, hippocampally predominant activity in the theta band (8-10 Hz) that also embeds cortical gamma-band (>30 Hz) activity, i.e. an activity thought to underlie processes of memory formation, reactivation and recall [3, 4, 6] . This is also the time of higher irregularities in heart and breathing activity [4, 7] . Furthermore, REM sleep is usually also accompanied by transient waves that travel from the pons over thalamic relays to cortical areas in occipital and parietal sites, i.e. pontogeniculo-occipital (PGO) waves (or P-waves). Such P-waves act to suppress cortical processing of external stimuli, facilitate synaptic plasticity in the involved brain regions, and are thought to favor sensorimotor function and memory consolidation [3, 8, 9] . They also mark the transition to REM sleep with increased occurrence 0.5-1.5 minutes prior to low muscle tone onset and cluster phaselocked to trains of intense rapid eye movements, a phenomenon specific to sleep [10] .
The findings of Yü zgeç and colleagues [1] now add to a newly emerging picture of a more fine-grained organization of online and offline periods that looks beyond the rough resolution of sleep stages and is particularly revealing for memory processing during non-REM sleep. Cyclic alternating patterns have long been identified to show broadly altering brain activity on a roughly minute-to-minute time scale that also corresponds to varying states of arousability across sleep stages [11] . Recent evidence suggests non-REM sleep periodically switches between offline and online states on a rhythmic infra-slow time scale (1 min, half online, half offline) that correlates with changes in thalamo-cortical sleep spindle activity [12] . Such spindle activity changes seem also predictive for the onset, extent and topography of cortical slow waves [13] . Furthermore, it appears that the benefits of sleep on the consolidation of memory diminishes if non-REM sleep is effectively disrupted on faster than infra-slow time scales (1 minute or faster) [14] . Particularly well understood is the fine-tuned coupling of sleep spindles with slow waves that involve hippocampal and cortical memory reactivations expressed in concomitant 'ripple' activity (140-250 Hz in mice), together serving memory consolidation [3, 15, 16] . These processes seem dominated by an underlying infra-slow rhythm [17] . In particular the strength of infra-slow changes of sleep spindle activity over parietal sites seem predictive of better hippocampal dependent memory after sleep [12] , and potentially rely on periodic increases of synaptic plasticity in cortical dendrites [18] .
These findings gain now additional strength as Yü zgeç and colleagues [1] boldly shed some new light on our eyes where no movements have been seen before. Other than when sleeping under natural conditions, they observed that their mice sleep with the eyes constantly opened under head-fixed conditions. This allowed them to take a closer look at what would otherwise be hidden behind the closed eyelids or covering paws. For this they used a simple, yet innovative, technique: infra-red back-illumination pupillometry (iBip; Figure 1B) . By pupil size changes alone, they could reliably predict if the animal was asleep or not, and could also differentiate REM and non-REM sleep ( Figure 1A) . Fluctuations in pupil size were previously found to sensitively track rapid changes in noradrenergic and cholinergic activity that determine the cortical state [19] . Yü zgeç and colleagues [1] showed that pupils not only remain relatively constricted during REM sleep but, specifically during non-REM sleep, periodically oscillate in an infra-slow rhythm about every minute. Importantly, pupil size was temporally coupled to non-REM brain and heart activity. Notably, pupil size aligned with heart-rate and periodically decreased when sleep spindle activity increased, and vice versa. This confirms previous suggestions that heart and brain activity mark offline and online periods during sleep, respectively R218 Current Biology 28, R208-R231, March 5, 2018 Current Biology Dispatches [12] . Other recent evidence also suggests that autonomous activity predicts memory consolidation and links cortical sleep spindle and slow-wave activity to abrupt heart-rate changes, also occurring about once a minute, and likely conveyed via central influences on the parasympathetic system [20] . Yü zgeç and colleagues [1] now convincingly demonstrate that the infra-slow pupil changes in non-REM are modulated by parasympathetic (not sympathetic) influences that constrict the ring muscle around the pupil.
But, are those pupil size changes a side-effect of central or autonomic nervous system activity, or are they functional? Yü zgeç and colleagues [1] explored this question as well. They pharmacologically forced one eye to not constrict and stimulated it with green light at times when the pupil of the untreated eye was constricting. This light-perturbation through the now unprotected eye reduced the brain activity that is typical for deeper offline states during non-REM and increased activity resembling brief cortical arousal states. This suggests offline periods of intensified memory consolidation processes might require extra protection from bright external stimuli, something pupil size restriction indeed provides. Conversely, increasing pupil size after such lingering light-deprivation of the retina potentially enhances its sensitivity to light and potentially improves detection of environmental threats, even through closed eyes (e.g. shadows of a predator). Also, the step up in heart rate during pupil dilation might be an anticipatory mechanism to prepare the animal for waking up and reacting to threats, i.e. an online state of sleep with high arousability. Such an online state would allow a brief monitoring of the environment for threats before dipping into deeper sleep.
In sum, the eyes tell the inner workings of sleep. Their movements or reductions in pupil size indicate protected periods of deeper sleep to serve memory consolidation mechanisms during REM and non-REM sleep. During non-REM sleep, the infra-slow pupil constrictions indicate a periodic switching between offline memory consolidation and online environmental monitoring that go along with respective brain and heart activity ( Figure 1C) . The eyes thus reveal the timing of important mechanisms of sleep. Why a tradeoff between online and offline states appears to happen predominantly during non-REM sleep, on a minute-to-minute timescale, remains open for more speculation and future research. We should take a closer look. . This simply requires an infra-red camera that records the eye while the retina is back-illuminated by an infra-red LED from inside the skull and highlights the pupil in the recording (infra-red back-illumination pupillometry, iBip [1] ). (C) During non-REM, pupil size changes periodically on an infra-slow time scale about every minute. This is driven by parasympathetic influences on the constrictive ring muscle around the pupil. Infra-slow pupil constrictions align with activity in the brain and heart. Reduced pupil size potentially protects deeper 'offline' sleep-states characterized by increased memory consolidation processes and lower arousability (dark shade). This is marked by increased cortical sleep spindle activity associated with ripple activity in hippocampus (and posterior parietal cortex). The following and preceding 'online' states are indicated by pupil dilations that boost the eyes' sensitivity to light and enhance the animal's chance to detect potential environmental threats. Concomitant heart-rate increases might anticipate a more aroused state necessary to react and evade such threats.
Protein complexes with artificial aptamers exhibit a bias towards arginine, tryptophan and tyrosine, providing insights into physicochemical traits of the interactions between amino acids and RNA that may have led to the origin of the genetic code and the ribosome.
By the late 1960s the ample biological distribution of RNA and its biochemical properties had started to catch the attention of evolutionists, and in an extraordinary combination of scholarship and conjecture Francis Crick, Leslie Orgel and a few others independently suggested that the first living beings were devoid of both DNA and proteins, and dependent on RNA both as a genetic polymer and as a catalyst. As Crick wrote, the primitive ribosome ''had not protein at all and consisted entirely of RNA'' [1] , while Orgel (1968) stated that ''it seems quite possible that polynucleotide chains could make a primitive selection among organic molecules such as amino acids, by forming stereospecific complexes stabilized by hydrogen-bonding and hydrophobic interactions. This will be important in any discussion of the evolution of the genetic code'' [2] . The groundbreaking discovery of ribozymes gave considerable credibility to the idea that RNA had played a key role in the appearance of life. The discovery of ribozymes took everyone by surprise, because no one was looking for them, but the stunning widening of their functional repertoire under in vitro conditions has demonstrated that they can catalyze the same classes of chemical reactions as enzymes. The structural and regulatory properties of RNA molecules and ribonucleotides, combined with their catalytic activities and ubiquity in cellular processes, suggest that during an early, perhaps primordial, stage RNA molecules played a much more conspicuous role in heredity and metabolism (Figure 1) .
We still do not know how the RNA World first appeared. However, it should not be understood as a mere collection of catalytic and replicative molecules stripped of all other recognized attributes of extant life, but rather as an evolutionary stage during which polyribonucleotides interacted with a wide array of compounds of biochemical significance that may have been present on the primitive Earth, including amino acids, membrane-forming compounds and metallic cations. As suggested by a number of experiments, the inventory probably included small functional peptides that may have helped to shape the chemical environment in which life appeared [3] . However, such peptides
